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S^n^n^i-of^ riflc to •n^irticrrststant done*. 

Th 8 enticement nf replication (Ttbendiun « h«?S «TshiiI^to 2 • !^ 6 2 * Huh7 asU *- 

clon„ seized. The replication or MwJ^„fc aiJJ ±TLt£h^ • ^JT ^ of 
of HCV t* n levd similar to that or nr£ «uh£n 0 ^ic RN*. "whblc * .nWbitforj hj Ktiown ,«nitaito« 



A problem lhat famamB unserved in the search far new 
therapeutic a^enls against hepaulis C vHUs (HCV) infection 
(12, 20, 25) is Ihc availability of a onaJl- an imal model auimbk 
for pharmacological studio aince the known host range or this 
virus incmd« only Humana nod chirnpanzftdy. An tntcrwtin B 
murine model ba,icd on U]e repopulatlon of moiw© liver with 
human HCV hCpiHocytci ha ? reentry been propcaed a, 3U5 - 
taming HiTV luituiion and yielding significantly hitf! scnim 
liters (17). Fhe current version of thin modeJ. however, pr*. 
»cnU (wv«r«] drawback* indudinfi fht dJfflculLy of idcntifyina 
an Huliiniiccl SOUrce of Uiimmi hapatocylw *rxl the low SU00fc * 
rare, due in part lo Ins peculiar incite background of the mice 
usccf. Aibe.r very promiatnft, this mode! needs improvement to 
be turned into a mcihod accessib/e to mart of th* laboratories 
concerned. 

in The aba-ncc of a dire* and coanjoicm sman-anfrnaJ 
model, over the lasi few ^ Dn a mod* for Hcv infeciiuo 
oJlemnlivc io the diimp has been propuwd by v Hr ioua research 
eroupj,. Thar mudd is l>nwd oq thu u*o of a surrosatc virus- 
n /r^n' lam3r, * n,; (^mw ^ptcica) infected rjy HP. vliu* 

(° BV -B)- A prowiofi body of data about the cnzynmiiv 
activity cf OBV B proteins baa corroborated the liypothcais 
that useful Information lor research on anb'-HCV drugs can he 
"rod from experiment with OBV-B in lanuiriniL ITic iden- 
Ulication of m vjvo infectious cDNA has provided an indis- 
perwnblc tool lo engine the virus gor^mc b? inacxLion m 
HCV rcgtomcfiniorcsL Th 0 Bvailobility of a small nonhuman 
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Er r ™^n GBV " B h03L ftnd lhc P c "P ec ^ <> r "sing chimeric 
KCV/GBV-B vuTwca open Up pussibilirj*; tor phannacoiow 
studies on novel arui-HCV ihcrapies L hat perform better than 
the currant ireaimcni. 

Tho similarity bctvrccn the genome organimlorit 0 f HCV 
and GBV-BW05 underlined Upon discovery of GBV-B in 1995 
(19. 31). The rtist experiment! domonstrotion of this similarity 
at tliti functional level involved the enzyjnatic acilVily of 
procure (29). More Jclailcd atiarysfi^ or the pniyproiain pro- 
wnmi follcnrcd, (lULlminfi (he AiuriiouHl r&l a tionship between 
the two viruses' NS3 pmreiiw, ^hich arb nctivt o ri reciprocal 
substrate* Uut rcquird their own eo^ic NS4A cuf^ciois (6 
26). The haUeA<te nnd NTPasc actlviilcs associate with ih» 
C-ierminnl domain of OSV-B NS3 protein wer C olan reported 
as comparable w thoa oT HCV (37). Th* ttNiVdcpwidcm 
Miivity encoded by a rmncaicd form 
of Ci^v-B N55B gene was analyzed 'n in vitro siudica (3«- L 
Tomei, unpumishcd data), showing that U* aimUarity of th« 
Ucy Lnzymfi in tho lw y viruae* ql 30 tatourage*- the use of the 
currog.te model. Finally cvidciicu has be Pn publiihcid con- 
firmmg th« ihe GBV-JJ ^ HtV unlnwriHtcd r^ion, 
(UTRs), which piny an imponartL role in initiation of the rep- 
lication proccw via inlcractionj with viral prot.elns Such as 
ncljtias* „nd RdRp, riavc common feauirt*. The internal /ibo- 
some entry site (IRE$)-COntalnju A UTR of GBV-B ahowj 
Sirring stfUCUiral and fonciiomd Mmil* r ity lo a, B L of HCV fr\ 
23, 24). lHo 3' end of Ibc 3' l.nR hiw a sccanflary strueiun; 
simiiar to that of HCV (27) and. ns in tha c«e of HCV i* 
indispensable for replicatiyn and in vivo infectiviry ($ 28) ' 

C»V ; B infection of lamarin* has been adilcvoi by intrahe. 
pabc injwcon of RNA in vitro iranScritefi rrcun gfinomic mo- 
lecufcr consirucrs (.1. 13), providing informatlorj About the iu- 



7730 



PAGE 57/79 * RCVD AT 7/1 1/2006 11 :49:03 AM [Eastern DayBght Time] * SVR:USPTO-EFXRF*3/16 * DNiS:2730904 * CSD:512 536 459S * DURATION (mm-ss):2342 



07/11/2006 11:05 FAX 512 53B 4598 



FULBRIGHT @ JAWORSKI 



0 058/079 



v«. Id, ism 

fectious GBV-B sequencer suitable as flcatfnlds to produce 
chimeric g&nomca bearing HCV genes, The possibility of in- 
fecting tamarins witn chimeric viruses rtprcstnis (he optimal 
approach to the GBV-B model, cine* the true HCV target of 
intcrcjt would be in eroded in the surrogate infectious agtm. 
However, altnou^n producing such chimeras now seems feasi- 
ble, presumably » number ol* comttfocic will have ly be tested 
before vioble molecule* ton be identified. 

In view «f Ibis, the availability of a oell-haseii system '0 Check 
the tnfCClrVlry And/or replication of molecular couvtix^ls bused 
oa thti OW-B genome would be important lo run preliminary 
oxpcrunenlfl with molecular construct* before [eating them in 
animals. This would satisfy both ethical and practical require- 
ments, as a number of animals would be spared becauic con- 
struct* unabls to racwin replication would be discarded hy 
pretesting in cell,-?. Also, ji number of preliminary pharmaco!- 
oey experiments could be run directly id ccMs bearing repilca- 
Cion-coiupeLent chi merit; RNA. For Lhasa rauons, (he recently 
published infection ayatem for CBV-B btucd ou to mm in pri- 
mary hcpalocYie* (2) and its use to test the eXTea of antiviral 
ngculs (14) arc of £TC3f liveresr but StM present limitations 
intrinsic to the uca of prtnuny oellfi. Even though this cyttem 
bolps to reduce the number of ramariiia utilised for in vivo 
^xpcrimefitsi it still im plica cuthanucinE tirmariiu to prcxtucc 
the cells. Moreover, prironry hcpBtocytes arc not easy lo pre- 
pare and handle and might also present problems in experi- 
mental tcproducibGity. Another potential limitation uJ Lhc 
tamarin hepfltocytc infection system mifiht be the dhtteulry of 
transfecrtng KNA from recurnbina.nt constructs, which would 
be important tor a cclLbai ad analysis of viability of chimeric 
molecules. No data are a voile trie at the moment about at- 
tempts in this direction. 

With (be Birr, or establishing a system for GBV-B replication 
in cell line* amenable to genetic studies, we h$va constructed 
a selectable GBV-B aubganomic rcplicon and shown chat h 
replicate* in human litspmoma cell ltDC IIuU7. Tlie observed 
replication dues net require adaptive mniAtions with respect to 
it genomic construct that replicates in tamarins and only occurs 
m a fraction of the Huh7 celia able to CDhante the replication 
level nbrrvc die delecLicin threshold. 

MATKRIALfl ANU MKT HOD 9 
CeD lirw BfxJ CD I fit re Cttttfitions. Human hepatoma cell Li,ic* Hufr7, HcpOS, 
tnJ rrepm<(x>rlahMltDryS[OCV*)<Verc arown b higb-filtrafe Dblbccts.V m«d. 
i/icd % medium (Life Tccruiol04lc$> juppicmenled with ZmM L-tijiimmc, 
100 U ol pcnuallinrml, 100 or alrcptumvt In/ml, and iCfc fetM DClIli: cetum. 
C«lta "era feubeuii^rataJ iwiu-c u -wrxk. widi * 1:5 iplh r*du.<40uc «MrftifUf (wvt 
«w>Jwy) kidniy ctll U. OHK A17.U) (ATCC CHL-]S5£) wu grow* ;., miqimij 
cfacnlikl mtdiiim in £uVit bilim^d ufi lolutiam «hh r>oaa*ai:itiJ unino w i<J* 
(M Life Techno! otttt) fUpuiemcnieJ with J00 U of pi-nicilWnJ, unj ^ oF 
iircptr>cnyan/ml, and IU» t>evin£ i^m, Sagitiimi oedipuj (uniirin) lyra. 
phobltn cell line U^A-Sa. tdnaly prtVlatsd by K Kohure. wis CrWn (n K.PMI 
I(M0 MfttliuTp (RPMI; Life TcchnutoRJcj) jiipirt«DaiKdwlin 2 ClM L-ttuCtratoc. 
100 U p**t*l\\nfail JU0 uP sur^ron^cia/rrf, 10 mM HEPBS, ) .0 mpvj 
Kiuu.Bi pyrwalo. end 10* feuil bovine icrum. HCV icptkon-licsring CCfl Dw 
HSlUlA «:tF kindly cupped t*y C, Migliawjo. Htomyc.rrn^A.ni Lnw wn^ 
Rruwn in Ihe pruence of C4iQ ^ cQnMotnuoAii rao^ne hrtw««n u.750 tad I 
(tif/oiI. 

rwsrem o^wmidlDa. TUt neo-KepS OBV-B teplioon ttsrtstrua rful ablamul 
by lepucini the iCBions eodim /or mc structural protcoj [turiii» frwn nude- 
oDde 25 protein rchc) wa f*3Z protein »Ull lbs Jeflutnaa ui ttic 

nwwiyain [>hof^!iotr(inef«n»c (/»cr>) gene R r*d tHccphalornvDcnrdiiis virus 
(BMCV) IRES « pltAmid Fl J>pACYCl77 (nc«^vn inrr^r AJ277*?), ^ 



ODV-B PUTJGBNOMIC REHL1CON 77?7 

cftdinj a CBV-3 tnfvctimia fuB-iAngih cDHa dLJwi»treuB nr ih« T7 pobmcriK 
pron»[«. Th# CBV.fi dwomycin phiWfihotTNvprtrrius g«D» And BMCV fj*£8 
a,n^lifi*d by PCB <rt»n ih. pMCVN^ol?.^ pl M niid (Lfl), Km*? mppJicd 
by C. Wijliacciii^ anJ jnle«d ctepcrjee io tIm CUV.u ^ WR tti by mmmMy PCR 
an it lifAtkln rajclioni, creujn^ a ct^qite -4v»l «U- upnri»m of (ltd neomycin 
phosphocan 'fctilC tcrc The cicO'KepB final repttmn sequence wu movtd u 
a MmHI-ATioJ hicmait iniu ihe mure wren rile pGBT5> vector (CtonTnoS). Twa 

Snpl 4dLc< wuc Uiu rernnvcd rrnm InjC neomyscid ptitifphOtrjiiidiiraK tcne by 
pplmer*na«il fnmaRimfflis living a silC 01 Itlt J' dnd <rf lhc liUV-n cOCflLt 
*c(iucnrc Iv t^ »«?cJ f>»r mnofl" uvmstr'ipdon. 

Mic W»-HcpH rcplkon *m corwiruard by uppiemg me AKl-ftn^l trafiiwear 
ppenniog the uoiityc^ phoipkMrm^U^ ^ m i n a c OBV^ ncn-RopB con- 
(trtml *ish m/J/flAkl r^rwoni Judging th* ^-bcmauiM ^etve from a 
plasmid Uodly pM»idaJ hy J. Crc*»w. Mutaocm* in lhc pcly.iv<j.ot* tci'cv^iv- 
GDD motif Vett i^tilncJ by first analruclin^ a GOO-iti-GAJL-aiiiat>J D n^ 
KcpH clone by means ol prirrka-bsicd mui«gAacil< «uK««^unitly roplMuig 
n rctiricttoji rr?(rr<uif ipann>ne ttie niLiaom tnm pfasnkJ Ma-RcpB. Revene 
tninscripono (FTi-PCFl arapllTicctJOfl products or kima ironi hva.i/huH/ oeJis 
wtn doneu (ntn ihe pC'Rll vector id perJhrm $cqi«nclnfc, 

Hcq«4rnTe#n^rFi»- Sequencing wo performed by iCcDIg Dye tcmtnatO/ cycle 
^qviencin^ kil with AnipljT«q {Applied fikuyji^ma) urnf rite with n AppJiaJ 
Bwjtysifirit (t»H<iI ?TJa tcquMiear. 

Tn vftn trwacHptko. Xdj*r4uiewbcxJ plym-JOi «noodina GfiV.fi rtp£euiw 
were m vitro transcribed by T7 RNA palyracr>«a with to Arobirai M«gucrip< kii 
under Ptt0«Kr-lrcc corxJiiUwu milowbg tbc nunnftcturer's Dutrua^M. Tit 
reaction termmiitcii Try tnciibstiori with UNasc t and precipitation wu* jju 
xccrdln$to die manuraccuttfi lt»trucilgns. RfA was resuitpentled in aude&s*- 
frcp -» Kr r. qu^oiiikd by abiaxbcmx; ai zdn rmi, immediately ftuzKn In dry iu bu 
lD-i»£ ■bq»«s l sod arot *d a. -S0"C 

TninEfMtiofi of CBV^ p*ptkod VLXK And mmn*oH»$ of rcpJlutittn. Htuau 
bepstowa Htpia HtpG2, Kuttt, »nd H,.h7- ( l«riv«J colllinoj uvr&U m mOnk-y 
ecll laxii were uud ca ttsi rupYm&iitm ,\t T4>pIkMMi oon»ifu<cs. Confident 

cc'is from l^-Ctn-fiiatnclci nlaitu dkik split 12. Cdli trcrc iT£fl¥i;r*d a n«r ZA h 
ft 5 ?,\\ ormeoium, tu^hed i^'tbi wioi in mi of coifl (i«ett|yicyiociThcinaie'issitEd 
pncaptiMii-oiiJrtrtta «iibi (Pii5>, altered «tm Cefl Swslner fUird (Filcoa). ind 
<S bred In caid dkjciiyi^yiocarhooaic-ircaaa PB3 &t & eoocairfatwn ot llf ceJ*/ 
»l. 'll*.en 2 x ll/' tclt -lunula vrtic robjcxccd m clcctroponillCD WllH 10 uB Of tD 
wirrO-iyinieKljifl UNA hy t~o pub*! «c 0J5 kV -nd 10 wJA a Bi'u-Rod 
C^pukf«r )l. Imir*^u|fhy nfter Dle«uio puiiot, call* »r*r* diluted is fl ml of 
cotHpUtA Dulh**fiti'4 mndift#d Kdjde't medium And prpcw^»cl m*it\ difhraoi 
pmirjtidx dqicndinj) nn fhe sebcrion cod tr2*a u^H. 

Id the &L*C Of iraBifrtrmaljoii wflh rofl»tri!C» teiirv, Ihe «rt]m>cjn phoepbo- 
trtnjftrasc penc t ccti$ were divided uncut tlticc phtes of IS cm ip diamcrci. and 
on die fytKwtnjc *t»y» i&c w]:olcfiin[U)lotlcOi]ti rsifrak nwiojwiunuciea n 
CAnecnirQiium ninpnp between 0.250 irid I my/rul. <>*l»*\ens)itvp ccUj died ftl 
2 weoltB. tuul mi ih« IrspriH w<«»k, lurvmntt, «clt drtnw on i. Id In peterf from the 
£u1iutc« with 0 350 Oil*/ml and oapunJod by in iadimNial ptmo« 

When ih» l>io npontr g*n» »u urod, 1 J, 1.(1, an J 0,5 ml of rraufecced oofl 
uiipenslcn vr ji plared in cfarh veil £d siiUMU pliin* (Falcon) to b« flt*in«d u 3^ 
«K, nnO V(* I). re&CCE'vdy. ^Dl lUl- * »'2 mhxlnilc iy»in (Alu^ tiiocclmm 

tJOTMralron). WAen ausnritBDve ix;R waj u$ed to tneasuie transient repliatiin 
Hfter uonsfcwlon ol cliDcr bla-itepn or ncurepB KM A, 1 X id* io 2 * 1(H 
crlla^dl were plated In shr-wdl plaics. AtlZT 3 day*, thtoc UNA was purified * 
d*Mribod in ihe TAttA pi«4u«)| (Ljfc Twhnab(;i&»). and Itf |U o»n nf 100 Mi Of 
tcrnl liMA ztcoutmd ut*4 m «Mfa TtqMitu aibuxid. 
Pnparaitea «rpratnn», e'wtnk DHA, Mid fatLkl una.'Ui(»i HN A, jcnmnc 

DMA. Uld lOtiJ prOUW »»cnc puriftf d from D»l)a Jl»4n m munub^r W |(h 0)9 

'I'rtaoi t taienl (Lil'c lcthnn\aycs), following tht niADirf;tciur»r , k mMnjoriona. 

Northern hlcjL Fy T Npnhern blots. \0 \it of (UUl tlMA eiuraaed rrnm HuhT- 
dcrlvttJ cells was aiDJixied lg dcftruriiur^ift on a 1% B^roye^Drrnalilelyde 
WoctwJ onio Amcrrtiim rfytx>iid-N- miniftrJuiM, and »tyi>(ir»2£d id a 
ODV-B RNA probe Blowrophorcili, \>\ontJ\L and IwbJMliillOn piOwrtitres 
t<-otc par formed by fo)kj«Tiifi In rfyhwid-N' jncmhranc Inwnictlon mtflUti Wim 
ili^kt ifl^KfleditOTia. Ok [u-^lCTlMibcled H^A pnH>t whs produced by III 
*Iir* Ipirnfriplion of a GBV-B £4cionK: fmpwrm [nwlcolidcj 4641 10 (JOoO 9^ 
tbe guomio wquonce) cloirai) io Oi« pCRU vector under ch« T7 promoter a 
ihe <vicutkifti»s (^TuJutmH m n«g»lMt-*trondttd iz&iuta^L 

NontpunUblirE RT-PCR. Ton) RKA wu mad A>r fmt-scrajjd cDNA vy«ih«- 
3-3 bySopertcripl It reverse CTaruaiptoflc (f»j"bo>.BRL) uad«r th* nuaufitttuiar's 
CQaOlunrai. ki:k nmpimcation wai JttrTOrmcd wtib FJcmgaK en7>nt mot (G&eo- 
DRL]or riiy UNA pntynitrAK fPrOtttia). l* rimer? »we porcHOScd rrctn MWTr 
(Ebottbcni, Germany). 
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TlttjMin quanta***,., 0 f CDV.B una. <IHV.B RNA woa qv.»ntifictJ by a 
*teMime. r-aumidease PCft (T^M;*) w»y "id. » prirwr-prob. *? il*,t 
rccocnlztd a pojuon ft i f n e c-HV-U 5' tinm^biM) region (5' UTli) Tb, 
pnmerPOBv^.rj(UTAUt;aXKXjGCACTCAT) aadfiBV-D-ftj rrt^cc 

OCCA'fCCAAOTCAA> dnd probe UtfV.j^PJ (6-arbovydJu7L-* C iruTTCCG 

**ic Primer Hxprws software (FE Applied RkosVttcnu). The 
prinwr« wcr« l!M d m )fj P m V |/50. J& | reaction vpJumc, an J ehi: mur* i»bs USCd i[ 
5 praoJ/50-p-l reaction nflumc. The reactions Were perftaniral with a TaaMin 
Cold BT-PCk kii (PE AppfeJ Oiccyatcm) aid included U M-ttin reverse 
[lanjcrtpljon «■-,» ni JFC. fcflo^J by If) mln »t 9j»c and liy 41) qycics nT 
amplificalbn with die unheal T»«Mfttt AUmJiudi^d condk^ ((5 a M f dtru- 
lunUuD ;ii V t VC followed hy j l.mm lja^lMjitactoauiori ncp *| 
RNA Ir^iscTiDft) Jhim a pfaurnid UAui nwf ih ( fiiw Ifjf*) n W l*nlidis> r>f die 

obv-b jenomc wu u>c:j 45 a standard to eUiihlLi faerie «quiuj| 4 cu. £«,.v. 

dord UNA ~m [ranacrlftec] wlih a T7 Mtaascnpl m lAitbiOn) and pjrJbd 

*7 DKwt tt»tmcnt. piicnni-ctiioromrm tttrittion, Sejibadci O-50 fill radon, 
and dthifwIjpmciphhcIo.L hha «i, ^mdibd ibsorlwi.ee ai iw nm tnd 
slated ai -AfTC. All « ftfcjcior* run ut duplies with (be nm PrRm 7700 
science dbEcclron jytxen. (Hfi Applied Bbupumi). Th» FK Applet Bia>ri- 
ICTTtt Jptdlic primer ict wa> i\sed la quaou'fy (h» «ad^u. M a N r-rwmro human 
0>CicrDWc^>^c- ) -p^r*fiJ»ali (ferryd^™" (OAPDI1) iwAna Whwwver At* 
cmbjt. HJ^A at/fatted tram CC"3 irtnifected whh SlHa u m:aa nuira*i 
rtiticu tr*j owd as tits caiUffBOTf. Retail* ITOID TWO «idq»»denc cip^'mcnti 
inaJyzcd with bvih ClU COfflparatr»B !hTC5t)old Cydc CCX) rocilwxj and iht 

. J* 1 ^ ^hibiwr. «r onv-B nvikaiton, niift7 odi d^ e( carrying 

OBV-B or HCV «pli<joM were k> Iwtt tb« du^ pi puuiln on 
roplicaiion. A tGLil ai Ltf tAlt w«« pfctod into ^ch 0 f tt of ri 
ifctvwf) plates (Kdcon) m d «J^n, w*b TO i Cilfi. Aft. r 15 h. d» mcdiw) w U 
Jbt=ud«l, ttftU JocrciitlDE COnOcnLnrti-ms of iht iui «*npouo<S ^ i^h ^|; um 
»«j««iJcri ro « c h 3C rics of wells, ^iro* were run wkfc ih^ Kped&Mmr^qd 

aoW ■! ihcaamc ajncewnilotl i»ed lo ttsl irKHwUuai coropo«fl<h [1 X culture 
atMfium for ftlpjv. iotirrfwOT (lPH-a| md 0,23 ?b dimcinjl ivlIotWc in die niher 
MitB). CM!« for up 10 3 in die prcjcncc of 0Oinf}&utHfj or 

BOJrtnto. avuidina erf! confluence ^ fcilly lywd wAfc Trim]. Total RKA «u 
PLlrai«] M dcwibcd io du 1^ pvtocol <Lifo Tocfe^lcgice); iu wt| cf 100 
111 or low K.NA waj tuKd in *i£lt mMtion. 

T.tQMan hxi;l]»i& was jjerlanned wich the nmamycm jnimc* imi i nq NEO l 
(OATOOAtTOCACGCAO^ J I j antf Oq NKO 5 (CXCACTCATACCCGAA 
IIS^V™ 3 pr0t)C NB ° 1 t^™^0Tataz-TCCGGCCGCTrc* 
CTGGA^N^A'A'-iciT^myM-mri)o^rftoo»intnc). iiumin GAHDH 
mRMA, tjunntiHod t^ich n .ireciiiu piimcr 5« (PJJ Appiiw nicwywemsX win uvd 
s in e «l lw »nou K refc^c-j GSV-u RNA ^unrtcd from mocle-UtdtsU uell% 
was Wed « iSc CklJbniur, R.e*ufo. rr.ia two in dependent ctpcmticnu u«r c 
WiatyiCd with hmh e.-njwraiw Ci r..ilHuI nnd rhs At-tcUrd curve ncihcU 
Toxicity wai uiio rooiiocly chetked by i1« aViwirio H WByi Ttw 2> 
bnarf on the tipaclry Of mitD«f)ocdnal dcHyur^EBaii efljymc* i n GvinoooH* *a 
trtnvcrt die yiilti* v«ci-SO»iifHe wtwlratc XWfiucttollttiaml.2.y()-2^diph-. 
«>1 t<«att>(i«m troiiidL (MTT) IBEO A ifcri nuc lomuan prcthict. ivhich It 
~^ t " b|& m W41 *- ™« M,L> »« of terraaMn producd ti <Jktat>- pfrjpornortai u 
rhs nombM tvf Ifving ulk. Hun«n ]W-«lk (Intron A3) arxl HJiavtrln U-o-[y 
rp>C>furin^UIIIJ^.ir;^0- B »rb«iint, , d 1J ) frrro Schrrtnt- 

Plcuafl. mycophiroiUi ac«l obl^ncd From Si 6 ft.^ .^,! ^[(Zfys-hcnrt. 
DTDp-.t-cijjrtloaylbmnildtfhytk? ikicucmirarboaotw w. KindK pm^J B «i by s 
HaipcT, J 

weatcm ri«l rniieii wuact? were prcwral (mm JO* csDi by Trizol *nr»o- 
i<«n and traonjojircd by joolam CTftdocyl Jul^le-pn^jfiiniidfi 
phortsi* (HtJft.pAOE) (10» pg|yacrylHDlide) r^tl to Jfl.1 ufMol). PyriC-d M^l 
aorf NSSft P r-pur*d 4 d^ribcJ before (2fl) were used conlrols. \hc jjel wk 
Uotldd antA » nit/aodlhjfoM filter hj routine rnciantf*. m- nircr WK iiculiatcd 
wsih u 1;£0 ^Outton of a pool of /out mmarin ttr;i prfvlcuily jjjuwn lo tf 
immiinorwctiut gbv.b (») i* bl^„ B huffci (5* nonfii flry 

milk. 0.lft% TWeen 20 in Tra-bu£*™j rh. /rtr«r w ai htnca 

wtin bloc*ta£ bufltr and inubatcd VkMi a mcote anti^nonboy ift»n«i»«ftlobtJi* 
an,ibl " 3 7 (31fi'«a). Aner five niftn: washes. Ihe filter wu inn.^ L .«) wi,h « 
Tidiih ^TOidixB-ciiiilHBiicd ttjOpk anUK«ry and ere* red u^i h W«i wico Mu- 
p-mignal cLitrpilLffiincnxm wbfiiratc (Tierce) tOJIDWJn^ [h« manufi Kl «W s En- 
ftrocmKt*, »nJ tic atgnqh were dcicacd by X-ny flro C3tpo3Jrc. 

NwtattOd, .o^t-e, wcwalwi aumCicr. Tile fti^cottdr: Scguence nf the 
r!. mm.>r». ST in ihb paper tiu been depo.^ilea lb die 
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RESULTS 



CloaltiA GBV-D nconrrc In- resistant subfieribrotc rBplleuic. 
Plasmid FL^3. cjjctxJtng rbe CfiV-B genomic vwiuencc and 
previously proven mlcctioui in Umarinj (2B>, to iwcd as i 
parental molscule i Q build ihc OBV-B subficnoniJC rtpJicoo 
conatfuds. The OUV-B blcls'ronicnco-kcpjB replioou ^ 5 de- 
signs as srhcmaliW in Fig. 1 A, with the 9*me ^nc arrange- 
rafiiU Uuwribcd for HCV rcplicoiw (4, Ifi). In ihc -1^1 rfclron, 
the GBV-H J' UTR Sequence directs tranilaiioji oi the neo- 
mycin piiosphxjiremrcraca celectabl* milrkcr; iha f«ewnd cia- 
iron is formed by the RMCV IRE3 directing irsnslailOil Of the 
GBV-B non/rtruclural proteins from N53 ro Dowtw 
sircsm 0/ rhe coftinfi region is the oompleic OBV-B 3* UTR 
aaruence (^0- A match of 24 nueteotidca or core coding 
whence was indtxJed in the construct downsiream 0/ Ihe 
GBV-B 5' UTR, The N lermlrms Of I be nenmyon phoatpho- 
transTcrasc prwein rcmltlJig irom tho dewj-ibed donin^ design 
is fustd io the first eigUi amino acids of GBV-B core protein 
and to three inure amino acids generated rjy rhe addition o[ 3 
cloning site upsircam or the neomycin phofipbotrenafcrMa 
geiie. 

Tlic noo-RopB plasmid w 03 in vurg transcribed oflcr Uncar- 
ttation at an enEirwcrcd Safil tile to generate GBV-B sub- 
ECnomic iransaipt? terminatms at pracins 3* end ccrrrc- 
spcnding to that of the genomic infectious moJcculca. In vitro 
LruiBcribed RNA woa transected into Huh7 human bepatom* 
celbi by dectroporation. XNA frtmi tha oeu-RcpB.GAA pks- 
mld. mnratef in the accivft <Uc of the NSSB pbirmorow wa, 
used a. a negative control. After 24 h, selection was npDJicd TO 
tho ttandfcctcd cella hy erowing ihctn In iiie pxeienca ol 
mfi of CMJg/ml. The majorify of the cells dj'd not develop 
resistance to th* sedeciing agent, but In the lon C rvn it was 
poaBiblts to identify n com vein- rejistani cell Clones. wUrch were 
picked after 30 days or fiiHurc and grown *a individual cell 
lines. In typical cxpcrimoiiU, wc flelecicd from 1W io 800 
neomytih.cebitiittnt coloniwupon trun^ctinn of 2 x Jt/ 1 cells 
Wiih lt) M of iico-RcpB RNA, depending on the efliuiKicy of 
Ihc fndividuar transfetiiun Lxpcriment. Paraljial Httcrnpw at 
IsoiaUng ncomycin-rvb-wlant clones npon election wiih hi e hcr 
G4 18 concerttrwtions fnilad, whereas it w M posaihlc to Increase 
the concentration of GH8, for ai Icasr some of the cell clonw, 
once tfie Clones had oeiln isolated and indivkhialiy ft rOwn Q , 
CeH linu. The individual evil lines showed sonic variability in 
Growth rale; for moal of the suttscqnent expiTtmcnifi wc used 
B7rj.]^luh7. a cell line dertvecr from one of ihe fai:t- A ruwin K 
uriflinil dnntrs oiled B767Huh7 and kept in 1 aw of U41« per 
piL Transfootioo of RNA frt>m a teplicun oonsrruci lacUng Hie 
rcgioi) encoding the N icrmlnus of core protein gavo a 12-fotd- 
lower number of colonies showing s | 0w growth, which were not 
isolated and individu*Jry characterized. 

AtlarnpLi to reproduce auccfWiful rransfccLion nf GBV-B 
jub^nonuc rcpJtcadGfl wilh olher htiman hep«lomtt cdll lines 
suth as ilepGa and Hd P 3B as racipienti foiled (data not 
shown). Similar ftApcrimcnta performed wiiri prlmaie (lamnrin 
and owl monkey) cell Jin&fi of nunhepatic origin wgrc also 
unsuccessrul (data not shown). 

Detection And quantification or GBV-B RNA hi FubJ cclh 
troiiantctoi with the GBV-B rcpNcn. To (lemonstrare the prec 
ence Of GPV-B RNA In tiansfectad G«l!f-reBiatant cell) tolaJ 
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* construct. The nucIcoTKlc SCquCoCC 
myoin plicsphcrtrflnifcTi'tc gene. The 

^quarx* oori^pundirv lo a jWfrwincijon *>te is'rnVafaL" ^h^r^^L^X"' 1 "^ ,rims,a£cd C11V - B <«H«»«» » boldfaced The 
-r gdjuiuc vwih Monti MK Kodak ^^7), W^^^b^S^I^ua^ ^.^^y *■» otalncd b> < cUys 

■nw indkinCS tftC portion of Ttlfi n CQ .R,p B RNaT**^CH^ R n„v,fn^ "T ° Q ' U ' 01 The 

Protem ^cuafrnrtiwn cJo»cs *ere averted 7c W„^A So^^A^^fi^^iS^ 7 C ^^n SU ? portJn * GBVB 
rcphcon oc|] | inc BTHfrfuIi?, lane 2. eatacUrOtn ccH line &^h?wi^ ? " *' !ft UB V_B Lano c " traci *™ GBV-B 

pvttfe; Ian. 5, purifiad GBV-ti f^3™"ln?Sn^ IS™ in Pnl^SS ^ ™ tnmrfecicfl Huh? alls; Ian, 4, purinod Gft V-B NS5B 

NW mroWn i, indic.U.rf, P 1106 * 11611 bn& Wfruhli hu» 7. extra* from lint RWhihT. p^,;*, of lho 



RNAwfl « extracted frrin the rTO.|./Hiih7 cell line and control 
cdla Qntl jinaJy^d by Northern Wotting. (Ffc ijj). A specific 
hyDruUzation signal ai the a*pect*d molecular wej-hl wa* de- 
tected only in B76.1/Huh7 (Fig. IB, lane I) with an RNA p«he 
corresponding to 3 portion Of the OB V-B genome 
The presence: of repiieon RNA molecules in the neomycin. 

wt ££ Ce " lin6S W3S Obo COnfirmcd * NonquamitatiVe 
-KT-PCR wn 5 performed with various SCtS Of prnmsrs (data no; 
show*); PC* products were obtained only when d tcv^e 
transcription * tep wag included, mdicoting that amplification 
*** ^c^'vofy RNA deptndet q m r noc due to the prercnee of 
residual DNA in ihc RNA prepannon. Moreover, the inte- 
gration of rcplicon copiw in ho*t R enomic DNA mi also 



excluded b> liicfc qj ampJf ftcaiJon or both GHV-J) and n m gene 
sequences .ftom genomic DNA proparatit**, (data dot shown) 
To obtain qua.it.ui ive meaaurcmcnta of repj icon ftNA mol- 
ecule* m the ncomyciTi-TOUtanl clones, TaqMan UT-PCR 
with primers and probes cornplemtntajy to the GBV-B 5' 
UTR refiion was performed with accurate experiment*! pro- 
cedure and calculation* ta described in Mareilals nnd Meth- 
ods. The results, summarized In Table I, confirmed the &NA- 
dcpendcn! amplifk-aiian of replioon fl*qu6ncc 3 a«J showed 
that the number of OBV-B Kenome cqniv^enfs/tcll was vari- 
flblo, nmftin^ between 30 and IfA a number co^id^fibly 
lower Oiao thai Obiained with HCV replicons (4, 16). The 
higher G415 COncentrttion rewlted in a threefold increase in 
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TAJ8LE 1- Ccmp«H5an uf nvO-RepB COW number* » n individual 
ncomytin<reti»Luni toll Hndd^ 



Cell line 


Gtncme «lllhr»|c:oL<^iK 


Mem ^cnorac 
ocprrjltnU/efcU 


84 


3.24 X 141* 


HA 


BS7 


3.43 X 1U* 


103.0 


B59 


Ztt X IQ» 


eo.s 


B76 


l.ilOX 1U* 


3\n 


BVtkK 


X 111* 


)3ti.n 


n/R 




38.9 




Wfl X HI* 


29.3 



•Cell lines *wc crown &i 0.250 or I (") mn of tiilii per ml. J lie amount or 
cuu) leUuIbt RNAva> meusuicd by tk'iu mining nbsurbmcc nl 200 nrn. 



the rcplicon RNA amount, as shown in Tahle l for clones 
H7#Huh7 and B76.1/Hnh7. 

Deletion of GBV-B pro tolas. To directly vif^li» GOV- II 
urulrins produced from ruclicoi) elopes, we performed West- 
cm DKjrtlng analyses wlrh extracts of individual cell clones. A 
pool of tour fJBV-ii-mt acted Lamarin sera J n whicn serocon- 
version had already been detected (28) wp.s used as » source of 
Antibodies. The rtaulta flhewed a specific band oL the expected 
molecular weighi for ns^ (Pig. iC, Janes i, 7, 6, and 7) ttiai whs 
not present in the mock-lransfectcd calls (Fig. 1C, lane 3). Its 
identity aa NS3 protein wee confirmed by the use. of a puriGvd 
NS3 preparation as positive comrcj} (Fig. IC, lane 5). Reac- 
tivity of the lamar In serum pool ro N.S.1B, which is similar in 
cifce io N$3, wat excluded by the lack of signal with purified 
NS5B used as a positive cuntroJ (Fig- IC, lone 4). This was in 
agree merit with previous data obtained with these rare, show- 
ing anUDodles to protein by cnzymc-llnkcd immunosor- 
bent assay but not by Western bicitfmg (^(J. t he data 
were confirmed with rabbit polyclonal acre against NS3 and 
NS5B, bnl with n higher backerowid (d*t* not shown). 

r>irv-H rupiicoo rna moiccvlcs tant replicate m Hufi7 cells 

show no sequence variation from the parental full-length u> 
feeli«a» RKa. The yield of neoin yd n- resist ft rit clones obtained 
upon cransfectlon of OBV-B repllcon RNA in Huh7 cells was 
Significantly lower ( I to 9 cloned I a,(X3D cells used for transec- 
tion) than expected from clcctroporation efficiency. Thi* led uc 
to think thoi for GBV-B, u observed for the HCV rcplicon (4, 
15; O. Ponncffia. unpublished data). successful transfectiun 
leading to the formation of cell clones supporting replication 
was determined by rare cventc affecting cither the transfecied 
RNA Or the recipient cells. 

TQ lejji wlielljcr iidiif)tive iiiuiiiLinnh h) tile feplicOU sequence 
might be responsible tor increased replication efficiency, por- 
tions of the GBV-B r&plicon spanning the complete sequence 
were amplified by RT-PCR of total RNA extracted finm the 
B7o.l/Hiih7 cell Jlnc and subdoned for sequencing. Two sub- 
clones per region, obtained from independent RT-PCRe, were 
sequenced. Besides sporadic mutation* present only in one of 
the two subclones of each region (probably due to PCR er- 
rors), no muUuon wsu> conttftitmly lowd m Doth individual 
9ubcloaca analyzed per region. Wc cannot cwlwdc that a mixed 
rcplicon RNA population in which rlO mutation i3 present m 
every molecule exists to this cell line. However, the most, prob- 
able explanation it that the sequence of the replicating GBV-B 
replicon molecules is indeed identical to that of the RNA 
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tTATtscribed from the neo-RepB cona tract end originaDy trans- 
fccied in recipient Huh? cdls. Thi» intcrprcUlion was con- 
tinned by direct sequencing of PCR rragiuenls spanning the 
whole eaquance of GBV-B amplified from RNA extracted 
from two more ct;!l dones, demonfltralinR that the absence of 
adapiive mutailons 15 a tenerai feature of tills system. 

We matched the poalions or adaptive mutation* feported 
tor the HCV rcpUcoo (1) mib correepoiiding amino acid res- 
idtieR in the lecruencc deduced far the corresponding OBV-B 
prowtfts. l'he remits reported in Pig. 2 Show The presence in 
GBV-B of "HCV-adspted" lunioo ccids io only o«o cw», mu- 
tation Rm*ft mapped in HCV NS5B (15), sinoe a glycine 
residue Is located In iht corresponding GTW-B position. It has 
to be said thai tlje scqnence homology berwecn HCV and 
OBV-B pfOTe ins, while sienifiennt and veJideLed by fimCbOrial 
355flys for NS3 and is not satisfactory for NS5A, -where 

tnc majority of adapiivc mutations in the HCV replicon nave 
bean mapped. 

KIR dent trtnAductib* oikd replication of GBV-B replieone 
depends on permissiveness ot hojt cell?. Sequencing of the 
OBV-p repilcon from ncomycln-reslstam cell Jines had ruled 
out the hypo the thai adaptive muUltOnfi w^ro ne^css&ry u> 
oblAin replica Hon. We then experimentally tested the hypoth- 
esis that ihe low percentage cf Huh? ccDs sustaining GBV-B 
replication wa& uc to se4ectlDfi of permissive host cd Is present 
in tho originally LtancfecLed Huh 7 poouletion. We decided to 
remove the repawn RNA from the B7(3J/Huh7 clone ond 
compare the ability of "cured" cells and parental Huh7 cells 10 
evpporl c;BV-B replication upon ex novo Lransfectton of rcp- 
licon RNA 

In order lo obtain ■ recipient cell line containing no icwduol 
repljcap RNA molecule, wz treated B76.1/Huh7 cells with 
human IFN-u it a high cancentmtion and for a time sufficient 
to achieve toUl inhibition of replication joined to complete 
degradation of the resident GBV»B rcplicon KNA molecules. 
To this aim. the cd] line rT76.l/ll\jh7 was maintained in culture 
wiLu 100 U of I FN -a per ml for 15 days without G412. The 
absence of the sdoctuble RNA repJicon muk^ufos wee 
checked at ibe end of the treatment by TaqMaa analysis (data 
not shown) ami by Northern blotting (Fig. IB, lane 7) aflCi 
confirmed by the inability of the IFN-lrcatcd clone 10 grow in 
the presence of ins selector G418 at a range of concentrations 
front 0250 tu 1 rmfail (data not ohown)- 

Tue rcsuilng cured ceH line cB76.i/Huh7 r was tnen irans- 

feclcd with RNA in vilru irun scribed from the ntio-RepB ptas- 
mid and kept under G41U selection. In thi* case most of the 
cells used for transection reacquired resistance to neomycin 
and Survive*!, prO^fiDly an these in m*cw RNA uptake nati 
occurred. To monitor the increased efficiency in transient rep- 
lkction of RepB RNA in cB76.i/Huh7 cells compared to Wd- 
type Huh7 ceils, we used a coiorirnetric assay (O. Fiores, un- 
published data) based on the development of a btuc tracer 
depending on (Hactamtoc octivitv encoded by the transfectcd 
RNA UaTiscril»cd from the bla-RcpB plasm id. a version of 
RepB which expresses the marker fMnrtamasc in place of the 
selector neomycin pliosphotrarutfera^i. Tlte p-laciamee* re- 
porter system is very convenient because it allows direct visu- 
alization of Individual positive cells with a <iuick assay and is 
also suitable to derive information about the amount of re- 
porter present in individual cells by observing stain intensity. 
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FIG. 2. Alignnrtiu of deduced amino acid fl*q\W0C*a of HCV and GBV-J) rcpHcoac jpanning HC'V utltptrvo muratignc Portion* of tho N$3. 
NS5A, and KS5B proxtio Bcquonce* are ehowfl, derived from 9 unique alignment pf die cucnplvte NS3-MS5A potyprolabi rrgiunu Tiu> potiUun 
of the HCV mutation reported in the literature (1) it underlined m the wild-type sequence, ood the mutated ammo adds described in ino* 
posiNcmR arc indicated snovc the vwifl-type sequence. The line above tue HCV nsja sequence inencjues t»e aramo acid* misiing in a aaiertan 
mutant (A). Numbering of HCV ammo adds is as described in reference 1. The R2S&4G mutation iu N53B Is DOWfaced. Setiueace ho/uolDny 
analysis was performed wiih the FastA program (Wisconsin package, version 9.1; Genetics Cvmpmer droop, MwUwn, Wis )■ 



The result* obtained with the P-Iaclamajw ny>\.cm at short 
time* fjOfttlramf action And in the ahsenea nf Reloetion RUbfltan- 
txally confirmed the trend observed after much longer times 
wiin n4i8-baaeci selection. The number of biue-siamed reus 
observed by trancfecting cured cell? was significantly higher 
than in the parental cell line, and the intensity and brightnc.11 
of the eolor were a 1*0 enhanced (Fi£- 3 A) Upon IFN-a tieal- 
ment of hla-RepB-tranaffected cfi7<S.i/Huh7 cells, no blue- 
stained cells ware detectable, demonstrating that the stain was 
actually dependent on RepB replication (see Fig. 3 A). 

OuQtidtaiivc analysis nf imnsienl replication was alio per- 
formed by real-time TaqMan a days after tranxfcctlun, showing 
a 2ft- to 30-fold increave in RopB RNA compared to a non- 
repiicating control in cB7c\UHuh7 cells, whejeaA RepB RNA 

was below the detection timir in unscJcctcd Bub7 cells. These 
data cuggnst that the individual cell giving rise tu clc-n* B7n.l/ 
Huh7 wm cur>tblc of susinininp repltcedon differently from the 
majority of the other cells in the originally iransfcttctl Huh7 
population. The amount at specific RNA delected upon trans- 
r*ciion oJC RNA from s variant construct looking part of Ihv 
core -coding region, though variable, was lowtf than that ob- 
tained with die original RepB consrmci (daia not shown). 

The "Curing" procedure, though producing attcurile r&nills 
and yielding the cB76.1/Hnb7 cured cell lino itself, required a 
considerable amount of work and time, especially when cou- 
ple/l wlrn Che TaqMan &s&dy hs. a read-out of the experiment. 



This led us to demc different tlmtcgbs to trvck the Xrequeoty 
ot the CHV-B replication enhancement due lo host cell factor* 
nmone the- i3Clt*ied nemnycin-TCnijiant demc-v Wc decitierf tr» 
use bJa^RcpB R>*A cxprcssJue p-lactaoiasc as a reporter, dc- 
ICClubla *iih a fcj;t ijpay, to retnusf^i naan>y£in-rc«i{:tani 
individuM cell lines. To this aim, we kdpt eight independent 
nco-RcpB cdl tinea for 2 weeks in the absence of 0416 and 
trnnstecred ihem with RNA transcribed from the bla-Feptt 
placinid. All c«U hncc supported replication u/iih an cHiciency 
considerably hiehor than rh»t showu by the oripnul nonclonal 
Hub? population 10.005% blue cells. 3% pale blue cells), rang- 
ing from 10 lo 80% blui: cdl^ and with a certain degrrt: of 
variability in the eta in intensity among tho different clone* («&e 
examples in Fig. 3B). This indicates thai mosi of the original 

ncomyein-rwiiUtnt tioncs actually oriEinatcd from the selec- 
tion nf trtncf&cred cellc present in the total 1 luh7 pi>puUli^in 
that were eble to augment replication of Gti V-B replicon RNA 
to a level above the detection threshold of the selection system 
used. The cell morphology, especially In terms of cell size, also 
shuwad a captain degree pi" variability uznong the i^bkclcd cell 
lincfl and original Huh7 cells, as shown in Fig. 3, particularly in 
panel C. where cells wcic photofiraphed wiih visible Hght. 

Due 10 the lack or availability 01 chimeric KCV/ubv-b 
oonetmcte proven viable in tarn arms, it was not possible to gain 
positive experimental evidence thai such chimeric constructs 
might give coherent result* ai replica ns in ceils and an full- 
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length genomoi i in anfmals. NonethDleas, could exclude ihc 
occurrence of falao-negaijyc results in i.he GBV.fi rtpiicon 
flyncam at least in the case uf a chimeric construct that hbd 
already been aeroonslfal ec l ui ha unable to replicate in vivo as 
a fuIMengrh vettion (C. TrHboni, unpublished dara). The chU 
mort wofl obtained by replacing rne GBV-B NSdB p** b the 
noo-RcpB and hJa-Repel construct* with the correwmlinE 
gene from the H77 « rB h, c f HCV T generating ncc-KCpB/ 
HCVpol and bla-RcpB/HCVpot, respectively. We took a <Kan. 
tt*c oi the HvaUabDiiy of t t| B cB7M/Huh7 cell Une aa well u 
the unselcctcd Hub? population and of Huh7 «Us cured of die 

HL. V ncpj,oOr, (G. PaoiJWSO, unpublished dam) for IfiSling 

both versions of the chiraerfc construct. 



GfllS reswanw selection, TaqMmi RNA measurement*, 
And fMactamue expression experiments were performed az 
described for [he GBV-B parental construct*. Parental con- 
SiniCK were u^ „ p W u ive an<1 QAA 

need negative control* In nu case did the delta obtained With 
the chimeric RNA differ Trotn those obtained with the oonrep- 
l LZT? OA f ,ndicalin K Uiat the particular chimeric 

RNA tested was unabio to replicate, even in enhanced calk, 
confirming the dam obtained In lamanne with fuU-kncth 

Wect of anHvJml ag*^ on gbV-B rcptitoiL To acquire 
information about tba ajscepirMlity of QBV-8 ttpUcan U> an- 
tiviral a^nta, in particular to those * nown to be active ugainst 
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Ribavirin (>*M) 

«J?Fnw,^ ftc, V rt ' Entivira| apaw on replication of frHV-B and 
,n . "11 lines. (A) Effect 0/ human TFN*a on not* 

rvRV-B (canjBUOUi i few, solid tipwras) and IICV (coned Jine, ODCn 
squares) rcphcon RN At The amount of virtl RNA wo* conned 10 
thr >mouni or CAmn mRNA. (B) Kffctf of ribavirin on GBV-B 
rrpliOTi RNA (continuous line, Suiid arc]**) compared u> thft effect 



HCV, we tested die effect of human TFN-u, ribavirin, and 
other low-moleiuJar-weiglw chemical compounds on the 
OBV.B rcplicoa System. 

We uaed the B76.1/Huh7 GBV-B replicoa ceJI Jine in par- 
allel wJih the HBI10A HCV repiicon cell line (18) a* an HCV 
replication reference system. Cell* were p-own 46 deacribed in 
Materiala and Mtfhods in the presence of Die test compound 
or of the comaponOinx SOtYeni as a control, taking ear* that 
confluence W8fi not reached to a«old nonspecific inhibition 
Gaj- RNA wa* attracted, and T^Msn anal?*) was performed 
with a primer-probe sci specific fior the neomycin phospho- 
transferase gene in circle r CO avoifl any m±U)Odologicai differ- 
ence in d>e meafiurcnifiiii U f tha HCV and GBV-B RNA mol- 
ecules. The viral RNA amount w« compared »o the amnunr of 
the endwjienoua reference mRNA coding for rhe hausckaapmg 
enzyme OAPDH 10 take into account hoih experimental vari- 
ability and, whenever pre pent, cytotoxicity affects, 

We iirBt analysed the effect of human IFN-a (Rfc. 4A)> Ihe 
only druis tiDorovcd for hepatitis C monotherapy and also re- 
ported be active Against the HCV r&plicon (7, 11). Wc 
delected comparable inhibition of the GBV-B and HCV rcp- 
licoa*, with a 50% inhibitory concentration <1C £0 ) of o.SS and 
0-69 U/mi, r&ipeciivtry. in agree men; with the retidte already 
available Ihr HCV replicons, and no signiKeqnl variation in 
CjAPDH RNA levels (data not shewn). Analyzing the effect of 
ribavirin w M complicated by cell tonicity, deiednblc by vfcual- 
ifution of cell health Starus i>y the MTT colorirnetoe cell sec ay 
(data not shown) and by mcaxutement of GAPDH ceJIulnr 
mRNA. Inhibitiort of GBV-B replication was oho detectable, 
but in the concentration range in which the towfty parameters 
wcro significantly altered. In Fig. flB and C, the curve* corre- 
sponding to rcplicons and endogenous GAPDH reference 
JftNA were reponod separately to show die cycotnxiclry effect 
of ribavirin, dateetable by measurement of rhe mRNA from a 
housekeeping gene sucft as GAPDH. 

In Fig. 4R, the inhihition curves of ribuvirin on the GBV-B 
rftplieon and on GAPDH ftNA in the H76.1/Huh7 cell line arc 
Shown. In Fift. 4C the effect en the HCV rcpllcou ilnd GAPDI I 
in the HDTJ0A cell line fe showri. A separate calculation of (he 
potency of ribavirin on GBV-B and GAPDH RNA in (he 
B76.1/Hoh7 cell line g**c Qn IC^ of 7.7 and 31, respectively Jn 
ihft cn.te of KCV ard OAPOH RNA in the HBIJUA cell lin*, 
the values were 3 A and 43 r H «pcctivoly. In boih 
apart fSrQin the tcwdty phsnvmcnon, this might surest that a 
modcf at* fip 0C ific efi«t of ribavirin » exerlctl on viral replica- 
tion t iightly mure pronounced tQT GBV-B. This w i( j confirmed 
by MlCuJalimi die inhihition oi'uiral KNA upen normaiioition 
ol Ihc diftitt mcacure of viral RNA to the amount of ihe 
GAPDH internal sumdard RNA (IC 50 or 1.0.6 Tor GBV-B 
and 43.6 jiM fbT HCV). MycophenoJic acid, which, like riba- 



prnrfuced wn OAPOH mRNA (Uoiled lint:. OPOJI Cix'w). (Q Elect gf 
nbflvtnn un Itcv rcpJieon KNA (continuous Hue, snitf Irimntoi) 
cnmp* r *d iu ibo effcer pr&duood OA? DH mRNA (dotted W 
open mangles). The B76.l/Huh7 ^1 HBUUa cell line* u^ed to' 

tcplicoiw and Oakoh mna vqIuw 4rv „p 0rtw] „ percent^ erf 
(he wlD0 obtained In ihe absence 01 test compounds. Wo wlculaitnn, 
o/id pl D i4 were ^encTaied with the hxcel ami Kaleit] I8 mph programtd 
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virin, decreases ihe cndoceJlu/ar pool of dGTP through inhi- 
bition of the IMP dehydrogenase, does nol seem to be specif- 
ically effective on cither GBv.fl ox HCY replication Whi/C 
producing high cyioioxidly. already detectable at concentra- 
tions of around 0.2 *iA4 (data not shown). Finally, 4*{\(2E)-y 
ph©nylpTop-2-«nyJloKy}benzflldtfrydc thioaemtcarbazone. a 
molecule belonging to a class Of compounds active on several 
viruses; including human immunodeficiency vims find herpes 
simpia* v™ (33, 34; S. Altamura, unpublished data), inhibits 
GBV-B replication, with an IC*, of 0.250 pX stojwing no 
appreciable cull toxicity np rn ? u.M (data not shown). 

DISCUSSION 

AmonomausJy replicating RNA molecules transcribed from 
CDNA constructs encoding porliona of viral genomes c«n be 
invaluable imhamutes for complac virions when a true lufec- 
liun syaiem is not available, as in 1 1e case or HCV. En a]l oucn, 
rcplicon molecules arc a powerful tool tor dissecting the macb- 
anisms nndeHying replication and other important function* of 
the viru* life cycle performed by nonstructural protein* rjy 
means of reverse ftcuctfes. A striking example Of this ts the 
work based Ort sub£cnoni(c rCpriCcrjs of the pesuVinta bovine 
viral diarrhea virus, which led to an important body of infor- 
mation about the replication and pathogenicity of (his virus (3 
9. 10, 22, 32, 36. 36). 

In the case of HCV, establishment of a replieon system 
marked a turning point in lb* acquisition of important infor- 
mation, aa a eowid cdNbajcd infection system Was and situ 
not Available. Since the first report on an HC'V rtplicon (16), 
the molecular and cellular features of (be system have been 
better defined, and interesting results that evidence on inter- 
play berweeu virul and host elements continue to emerge (4, 
13. 15, 21; G, PBOnessa, Unpunished dataX The system nil) 
probably find its most useful application in Kiudyinj th* effects 
of nov±I drug candidates on HCV replication. The potential of 
HCV rephcon in ibis field b demonstrated by recently 
reported studies on muJucular mechanisms of tradiUonal anti- 
viral ageuts achieved using ibis system (7, H), 

"We decided to establish a fluhRunomic rcplicon -based system 
fur the ftavivima GBV-B moialy to acquire a useful tool for 
tesiing HCv/GBV-B chimeric construct in cell*. For ihe con- 
struct desiffn, wc followed the rout* Successfully expired for 
HCV, reproducing the IICV rcplicon gene arrangement with 
the same ackcior gene, neomycin pno^ho transferase, fused to 
the N icnnlrius of the core protein and the EMCV IRES 
directing tne synthesis of GBV-B poJypmtoin. 

Wi tasted (he human hepatoma Huh7 cell line as a recipient 
of GBV-B replicOns in parallel wlrti otrier Cell Imct, including 
Hcp3B and Hcp07 human hepatomas, getting positive reaulls 
only with the Hub7 cells. The efficiency in eeneracuiE sdcci- 
ahl» cell cionoe bearing GBV-B repliant was. however, very 
low, in apparent ennrras' to Mie results obtained by sequencing 
I he H.RV-B replicnn From one of (he anlibiOlic-reaiaLuU 
Clones, whote sequence waa proven identical in that Of cne 
mpul rcplicon RNA, Since the Ollginalry traiufectftd RNA 
could apparently replicate wiihoul adaptive mutations, it wm 
presumed ti would replicas in all the iransfected cells m the 
Huh7 populeibn, prvrkkd they were equally capable or sus- 
taining replication. The hypothesis we formulated to reconcile 



J. ViROl, 

the absence of adaptive mutations and Imv replication eJi- 
ciency was that, as observed for HCV teplicons [O*. Paonessa, 
unpublished data), only a fraction of the tfanrfccled Hub7 tdls 
wac actually capable- of auatamina the renJicsilon of ORV-B 
sequences. We experimentally proved this hypothecs by deter* 
mining that the low replication efficiancy obflerved with the 
starling Huh7 popilation pcaied lo a 20,000-fotd lucreflsc 
when a aclccxtd done was rcrjansfCCled after removal of res- 
idem GBV-B RNA molecules hy means of exLcnafvc IFN-a 
tTeatmcnL 

Tljo posbibiiity that the Inci cased replication mi an aruiuct 
consequent to 1FN treatmeni can be reasonably oucArdcd 
cording to data UOiftined with HCV repJieon clonca ahowing 
the same behavior when cured with 1FN and with other anii- 
viral moleeulaa (G. fonneaxa, unpubllbhcd data). Moreover, 
increased OBV-H replicatfon SimUar to thn obtained with ihe 
IFN-curerJ done daeerflwd above also deleted bv tran^ 
fecting cella of the same clone not treated with I FN hut Simply 
grown for 20 <lora without 04 18 selection (dala not shuwn). 

The secondary rxarMTectlon. performed with M a -R e pB RNa, 
was a powcrfnJ tool because it provided a cIa pt and quick dirccL 
dclcction of the- number of colla aupporttng repliL4rJon. The 
hypothec's} ih«t the enhancement of repilcaUon due to host cell 
factors was a rule rather i.han an excepuon was confirmed by 
the orxservalion that each of several neo-RepB «cU linca 9u«r 
tiirted replication of bla-Re ? 0 with a lii K hu efficiency (mim. 
bcr of Wu-posittvc cell$) than Che unscl.CCfCd Huh7 population. 
The possldilliy that the enhanced replication ebesrved with this 
experimental approach ib merely due ro elects mediated by 
resident repliiJOn moleeukg seems to be occluded by the fact 
that cells of the B7r3,l/Bu)V7 eel! line do not sustain the rcpli- 
enrion of newry transtecLed blaaiepB RNA mors efficient)? 
tnan ih* corrocponding cured cB76.1/Huh7 cells (datu not 
ahciwn). 

ll also haa to be noted thai SOrtie morphoJoaiotl features of 
(be Irtdividoal donex fur instance, cell si2ft, uppear to ho 
rerent not only from rhai of parenial Huh7 cell? but also 
among, the selected clonca (see exumples in Fig. 7.Q. This 
Obacrvatinn Is also conRisUiDl with the hypothesis that those 
Clones were actually independently originated end thai they 
did not oece^ftrily enhanee GBV-0 replication through the 
flame mcchaniim. 

In conclusion, only a subset of cells of the original popula- 
tion have uie potential to become rodent clone*, provided 
thai they tr* tranafaded with UNA producing a sufllcicm 
aanount of neomycin phcsphntraiE ferns e in the 6,-irry post- 
transfcalon phttSCL WMen the numbur of RNa mokcultn j 3 
limited. Thus, an mterplay between CbV-B replicyn RNA 
and unknown features of host cells $ttm 10 contrib- 
ute to estnbluhinE toe cell lines in whtcu GBV-H RNA repli- 
cates. This i$ Confirmed by the ohservBtion lhat a variani of the 
neo-KcpB construct, laehing the region encoding the N termi- 
nal of core protein, probably afTecred in 1RE$ functionality, 
ihotieh enhanced in cB7rt. j/HubV, wac law officiant i n replica- 
ttou iflHn nco-RopB RNA in both Huh7 and cnhanctxl cells. Jr 
should alflo he considered that the phenomenon of cciui a &a 
replicntion enhanccmctlT does not nwewarily ewlude that 
adapttve mmahons of the replicating GBV-B molecules may 
exist in a minority of call clones. Combbalions (if ihe WO 
affects mifthi account for the variability in the n5pJicQn*oearing 
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call doncB' phenotypea, especially in terms of erowih rate- and 
repJicon copy number. 

In the OBV.p repllcon tytwm, however, even id the best 
experimental conditions, the number of RNA molecules per 
cell is lew than tbot of the rlCV repttcon. which reaches 
5,000 (4, 16). From this aspea the low (J41& concontraiiort 
chosen for ihe earty pimec or Mixtion miehi hare been even 
mors .mportant than for the HCV rcplicon (21). since It Al- 
lowed the expansion of tiny Mow-growlng Cell clone? bearing a 
small number l>r molecules that initially produced Jow lovcis of 
neomycin phospbctrajirlan^, Aa caporimcn tally demnn- 
ctraied, these dorux would have been mis&eo if concentrationst 
higher thnn 0.250 iriE/tnl had been used for the initial ejection. 

An important fcaiure 0 f in o CBV-B/Huh7 replication sys- 
tem described ic that iha e&<iuence of the GBV-B-specifte re- 
gions of th* aubgenomic rcpliccns wag Identical to UhI of a 
Genomic conatruei able to infect Lamarins (28). ThiB implies 
(hat the vfral cVr- and /mur-acting elemcnta involved in G&V-lj 
replication, which interact with tnmarin host ccU faxrors. arc 
uliio capable of productively interacting w|rh human cell lactOre 
without sequence adaptation. TTlii would stem to him ut the 
POSstolllEy thai, if humans arc aelb-Ur not au&ccplible to 
GBV-B infection, the block may not occur at the replication 
level, but poaaiblv at earlier 5 cage* \j% the virus infection cycle 
The; absence of sequence alterations u the GBV-B rephcon 
functioning In celfc indicate thai, unlike the first HCV rcpli- 
con sequence reported u5ed for Huh7 transfectJon (lfi), the 
GBV-B aoquence i* already "adap/efl." We noticed that the 
amino ubds confentng adaptation to the HCV naplieon (X) 
were apparently not conserved in the correapondint positions 
in the GBV-B zocfucne*. An exception is the hiehJy adaptive 
mutation K28S4G, corresponding to restoue 465 of the HCV 
NS5B protein (15). whose cognate GBV-B position lb occupied 
by me "adapted" amino ftctd glycine. Both the HCV residue 
(IS) and the GBV-B raiduc (M. Walsh, personal communi- 
cation) ore located in the rnrcc-dimenstonal structure of the 
NS5B RdRpou the surface o> the molecule far from the actfvt; 
5ltc. This suggests thai a role mijcht be played by Ui» amino 
acid in iiiteractionR of the RORd ut both viruses with dmerenl 
virol or cellular molecules or wllh the endoplasmic reiiiwhim 
membrane system, considering the proximity of this residue to 
the hydrophobic C-tcrmina| rcajon that, in the HCV RdRp. 
has beesn shown to be a transmembrane domain (TO). 

An important application OJ' a CCU-bascd replication extern 
for OBV-B is tu provkte a tool to test in cultured eelb HCVf 
nnV.B chimeric, subgcuo.nic RNA* whose corresponding 
genomic vcreion has to be tested m anlmaTs. Untorrunatcly, ny 
wi Wvo-viablc chimera of mar kind been identified so f ttr 
Nonetheless, we could verily thai RNA from a chimeric con- 
struct m which the N$5B gene of GBV-B had been replaced cy 
Lhe HCV counterpart, which had already teen injected in 
tamyrins unsuccessfully prior to the avwlabilitv oF ibe eell- 
basefi system described here (C. Traboni, unpublished data), 
was also unable to replicate in cells. These ream* demonstrate 
that, at Icom in this specihe example, false-powtivo rowka inr 
not Ecnetared in tht celKbawd replieun system. 

Another important application of the system descrtocO here 
« iho possibility of smuyzing rhc tfTCcts of caDOjdat& antiviral 
agenl* ofainal HCV on GBV-H replication in cells prior w 
ttMing rhtrn In anunaU. We chscked the ftastbilhy nf ihls 
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approach by uutipg known inhibitors of HCV on the OJ3V-B 
"plication gystem. IFN-h, the hcu-characierized aniiviral mol- 
cculc aaivc against HCV. was an dually eficacioui ngent 
acalnst rvRV-H and HCV raplieone, 0$ detennincd by varinus 
expenmcntal npprunches (7, 11). The reported eflcacy of hu- 
man ^tcrferon yssiret OBV-R replica Uon in tamarin primary 
hcjpatccyuis infcclfld fry (he GBV-B «ircl inoculum was instead 
rather limited < W). The 4ulho« commented thai this Could he 
due to potentially reduced rccognirton between human inter- 
feron and tamarin cell receptors and/or effectors, which should 
not occur in our system, tincc both protein and host cells are Of 
human origin. Thia aspect of the OBV-B rcpHcon/Huh7 sy*tem 
w yf general interest when running expeiiin*nts involving com- 
parison OT HCV anfl GBV-0 rcpiicon« ( since oa|J 3 0 £ the wmz 
Origin would reduce hou-related Ynriabfliiy. The specUlc errect 
of nbavina in our jysteixi seems, on Che contrary, more di fltcult 
to ascertain, mainry due to Ihc higher tc*ieii y thai we noticed 
with ifte Huh7 cell line under our experimental condition* The 
nonreplicating larnftrm pn'mary liepatocytcs In Ullford'S 
model and the human hcparomn cell Ijne used in Our system 
plus the \iae of differcnr cell todclty markerc probably make it 
impossible to compare the data. 

The GBV-B subgonomie replicon aystcm described in this 
paper waa maiorr deviled as a tool to examine the viability of 
HCV/OBV-B Chimeros m a convcnitinl cell Iin« and to test the 
elTect of pulalivc anti^l agenLg. "iTie remits clc«ly demon- 
rtratb ihRt Ihia flVHiem meets those eupcci a tlQrjS. wc are now 
working to contract more chimeric replicons bearing both 
HCV and OBV-B ^ucnce« ( with the aim of identifying viable 
constructs through the aniryais of replication nbility in the 
enhanced cell lines that we have selected. Work is aJir> in 
progress 10 convert the subHmomic OHV^B replicoo into a 
full-length genomic clone in ard^r to increase the potcmial of 
the system, providing n tool to parform both trup infectinn and 
i-wrw genelies. 
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